INTRODUCTION 57
Gastrulation is an essential morphogenetic event that establishes the three layers of the 58 animal body plan (ectoderm, mesoderm, and endoderm) through an epithelial-59 mesenchymal transition (EMT) that occurs at an organizing center called the primitive 60 streak (PS) in amniotes (S. J. Arnold & Robertson, 2009; Ramkumar & Anderson, 2011) . 61
In mouse, the combination of multiple signaling gradients coming from embryonic 62 epiblast, as well as extraembryonic ectoderm and visceral endoderm, creates a 63 permissive zone in the posterior epiblast for PS establishment. The first marker of 64 anterior-posterior asymmetry is expression of Wnt3 in a tiny region of VE at the 65 embryonic-extraembryonic border at embryonic day (E) 5.5 (Rivera-Pérez & Magnuson, 66 2005). Shortly after, between E5.5 and E5.75, a group of visceral endoderm cells at the 67 distal end of the embryo migrates towards the embryonic-extraembryonic border in the 68 direction opposite to Wnt3 expression. This organizer, called the Anterior Visceral 69
Endoderm, secretes inhibitors of Nodal and Wnt signaling that consolidate anterior-70 posterior axis specification (Stower & Srinivas, 2014) . PS initiates in the proximal 71 posterior epiblast at the embryonic-extraembryonic boundary, and extends distally 72 towards the tip of the embryo. Contrary to other species, there seems to be no global 73 epiblast movement towards the posterior side in mouse, but rather a local change of fate 74 Sutherland, 2012). The streak can be identified through expression of markers in pre 76 streak (Wnt3), and early streak (Eomesodermin, and Brachyury) embryos at around E6 77 (Rivera-Perez 2005). It can be identified through morphology alone from the mid streak 78 stage (E6.25-E6.5). 79 80 EMT allows epithelial cells to become motile through loss of cell-cell adhesion and 81 change of polarity from apical-basal to front-rear, via cytoskeleton reorganization and 82 acquisition of migratory and matrix remodelling capacities (Nieto, Huang, Jackson, & 83 Thiery, 2016). Live imaging of mid and late streak embryos showed that epiblast cells in 84 the PS region delaminate through apical constriction (leading to the so-called "bottle 85 shape") followed by retraction of the apical process and extrusion on the basal side 86 (Ramkumar et al., 2016; Williams et al., 2012) . Analyses of mouse mutant lines 87 displaying an accumulation of cells within the primitive streak converge on a major role 88 for actin-myosin cytoskeleton regulation to allow delamination at the PS (Lee, Gagliardi, Tepass, McGlade, & Anderson, 2007; Ramkumar et al., 2015 Ramkumar et al., , 2016 . Control 90 of cell ingression is defined at the cellular level by the complementary pattern of 91 expression of Crumbs2 (in delaminating cells) and Myosin IIB (in their neighbors) on the 92 apical side of epiblast cells (Ramkumar et al., 2016) . Crumbs2 mutant cells fail to detach 93 from their basal attachment, suggesting cellular anisotropy might help extrusion from the 94 epithelium. Interestingly, in Crumbs2 mutant embryos, initiation of gastrulation occurs 95 normally, and only a proportion of cells fail to ingress, leading to progressive expansion 96 of the PS, while the rest of post-EMT cells join the mesodermal wings, suggesting that 97 several mechanisms may control PS cellular extrusion. 98
99
An alternative delamination mechanism based on asymmetric division has been 100 described in chick neural crest EMT from the neuroepithelium (Ahlstrom & Erickson, 101 2009 ). Similar to neuroepithelium, epiblast is a pseudostratified epithelium, and live 102 imaging experiments have shown apical-basal nuclear movement, suggesting it 103 undergoes interkinetic nuclear migration (IKNM) (Ichikawa et al., 2013) . Classically, in 104 IKNM, cells retain apical and basal connections, while the nucleus migrates along their 105 apical-basal length according to cell cycle stage, and division occurs on the apical side 106 quantified systematically on the anterior, lateral and posterior sides on Z sections 139 located 5 µM from the epiblast basal side. Rosette frequency was calculated through 140 normalization according to the surface of the region of interest (in which clear cell 141 contours could be delineated) of each section as well as total time of acquisition. We 142 found that rosettes were twice more frequent on the posterior side ( Fig. 1a and a" and 143 Sup. Fig. 1 ). 144
145
The high time (7 minutes intervals) and space (1 µm Z slice) resolution allowed 146 reconstruction of rosettes along the entire height of the epithelium, as well as follow up 147 of individual cells fate. Around 30% of rosettes had a central cell with apical rounding, 148 usually preceding cell division (Sup. Fig. 2b and c) . However, not all apical round cells were associated with a rosette, and the frequency of apical rounding was similar on all 150 sides (Sup. Fig. 1 ). Lifespan of rosettes associated with apical rounding and mitosis was 151 longer than that of rosettes without rounding (Sup. Fig. 2c ). 152
153
In order to increase sample number and to cover a longer period of development 154 through concomitant imaging of several embryos, we performed live confocal imaging of 155 embryos dissected at E5.75 or E6.25 (when the primitive streak is specified and cells 156 start delaminating), and placed in optically compatible conical wells with either the 157 anterior, posterior or lateral side facing the objective. Cell membranes were labeled 158 ubiquitously using Rosa26::membrane dtTomato/membrane GFP (mTmG) (Muzumdar, 159 Tasic, Miyamichi, Li, & Luo, 2007), and the Hex-GFP transgene was used for 160 orientation ( Fig.1b' and Sup. Fig. 2a') . Z-stacks at 3 µm interval encompassing roughly 161 half of the embryo were recorded with time intervals of 25 minutes. Epiblast cell 162 contours were segmented, and rosettes were quantified as described above ( Fig. 1b For systematic quantification, epiblast regions were defined as anterior or posterior by 208 tracing a line joining the distal pole to the middle of the embryo at the 209 embryonic/extraembryonic border, and cells undergoing rounding were followed 210 overtime ( Fig. 3a-c ). Although the frequency of cell division was similar in anterior and 211 posterior epiblast, there was a trend towards a higher division rate specifically in cells 212 undergoing delamination ( Fig. 3d) . Surprisingly, and exclusively on the posterior side, 213 cell rounding and division happened all along the apical-basal length of the cell, so that 214 non-apical division represented 30 % of all divisions in posterior epiblast (Fig. 3e , f). It 215 was preferentially associated with EMT, as it resulted in formation of one or two 216 mesoderm cells ( Fig. 3g ), suggesting mitotic rounding could be an alternative 217 mechanism for cell delamination. We first focused on early to mid streak embryos (E6.5, E6.75, and E7). Based on 230 anatomy and localization of Collagen IV, a basal membrane marker, we defined anterior 231 (anterior half), posterior (posterior half except PS area), and PS region (where basal 232 membrane is perforated) on transverse sections ( Fig. 4a and Sup. Fig. 3a ). Remarkably, 233 mitosis was around 2 times more frequent in the PS region compared to the rest of the 234 epiblast ( Fig. 4b ). In addition, over a third of mitotic nuclei were located away from the 235 apical surface in PS cells ( Fig. 4c ). Contrary to apical mitosis, the majority of phospho-236 histone H3 positive cells on the basal side retained a connection with the apical side 237 (Sup. Fig. 3b ). We found no preferential mitotic plate orientation (Sup. Fig. 3c ). At the 238 PS, the mitotic index and the proportion of non-apical mitosis were stable overtime (Sup. 239 Cerberus1 (an Anterior Visceral Endoderm marker), phospho-histone H3, and 263 counterstained for nuclei (DAPI) and F-actin (Phalloidin). In both models, Anterior 264
Visceral Endoderm migration was impaired ( Fig. 6a-d and Sup. Fig. 5a-d ). Non-apical 265 mitosis was significantly and consistently more frequent in the region of the embryo 266 most distant from the Anterior Visceral Endoderm (Fig. 6b , c, e and Sup. Fig. 5b , c, e), 267
showing it is specifically associated with PS morphogenesis, rather then with a 268 geographic position in the embryo. Embryos were dissected in dissection medium, and allowed to recover in equilibrated 387 culture medium (50% CMRL Medium, 50% KO Serum, and 0,02% glutamine) in an 388 incubator (37°C, 5% CO2) for 1 h. Embryos were transferred to a Petri dish filled with 389 culture medium in which the agarose cylinders were lying flat, and were gently moved 390 into the hollow cylinder. Once the cylinders were mounted into glass capillaries, those 391 were placed into a syringe adapted with tips on both ends to secure the capillary. 
Embryo Analysis 413
For immunofluorescence, embryos were fixed in PBS containing 4% paraformaldehyde 414 (PFA) for 2 hours at 4°C, cryopreserved in 30% sucrose, embedded in OCT and 415 cryosectioned at 7-10 µM. Staining was performed in PBS containing 0.5% Triton X-100, 416 0,1% BSA and 5% heat-inactivated horse serum. Sections and whole-mount embryos 417 were imaged on a Zeiss LSM 780 or Lightsheet Z.1 microscope. 418 419
Image analysis 420
Lightsheet Z-stacks from 4 sides were fused using Zeiss plugin for Lightsheet Imaging. was downloaded using the 'MouseGastrulationData' package (Griffiths & Lun, 2019) . 441
The data include raw gene counts and annotations for each cell (cell-type, stage and 442 UMAP-coordinates). To plot the data, we utilized the UMAP-coordinates, cell-type and 443 stage annotations provided by the authors. We subset the data by selecting cells 444 annotated as primitive streak, nascent mesoderm, extraembryonic mesoderm, mixed 445 mesoderm and intermediate mesoderm from E6.5, E7.0 and E7.25 stages. Raw data 446 was normalized for library size and mitochondrial counts and scaled using the 447 'SCTransform' function from Seurat 3.1 (Hafemeister & Satija, 2019) . Cell cycle score 448 was calculated from scaled data using 'CellCycleScoring' function in Seurat package 449 
